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Testswereconductedtoevaluatetheeffectsof supportinte~
ferenceontiedragcharacteristicsoftwobodiesofrevolutionat
zerosingleofattackandat a Machnumberof1.5. !lhemodels,which
variedonlyinthetisfterhodyshape,weretestedinthesmooth
conditionandwithroughnessaddedto detezminethesupper+
interferenceeffectsforbothlaminarendturbulentflowinthe
boundarylayer.Dragandbas~ressuremeasurementswereMde for
mosttestsovera rangeofReynoldsnumbers,basedonmodellength,
offromO.6IEUXonto 5.0millionstodeterminetheeffectofvary–
ingthelengthordiameteroftherearsupport.A sidesuyportin
combinationwitha rearsupportwasusedtoevaluatethemagnitude
oftheinterference.Theschlierenmethodwasusedto determine
theeffectofthesupportontheflowovertheafterbodyofthe
models.

Forthebodyofrevolutionwithzeroboattailingad either
laminarorturbulentflowintheboundarylayer,theforedragwas
nottifectedby therearsupport;however,thebasedragand,
therefore,thetotaldragdependedonthesupportconfiguration
used. Thebasedragwasfoundto dependonthediameterofthe
rearsupportov& thecompleterangeofreaz=supportdiametersused
intheinvestigation,butwasindependentof changesin support
lengthso longas thesupportlengthwasat least5.2bodytliameters.

Forthebodyofrevolutionwithappreciableboattailingand
lsmlnsrflowintheboundarylayer,boththebasedragandthe
foredragwereindependentofchangesinthelengthordiameter
oftherearsupportas longas thelengthwasequalto orgreater
thar.1.7bodydismetersandthedismeterwasequalto orlessthem
0.4bodvdismeter.
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Forthebodyofrevolutionwithboattailing
flowintheboundarylayer,theforedragwasnot

NACARM No.A8B05

●

sadturbulent
affectedby the

rearsupport.As before,thebasedragwasnotaffectedby changes
inlengthordismeterofthesupportsolongas thelengthwas

.

equalto orgreaterthan1.7bodydiametersandthediameterwas
equalto orlessthan0.40bodydiameter.

Fora bodyofrevolutionwithoutboattailingandwitha
lsminarboundarylayer,dragresultswhichareessentiallyinterference-
freewereobtainedby theuseofa suitablerearsupport,thedimensions
ofwhicharepracticalforwind-tunneltesting.Forthissamebody
witha turbulentboundarylayer,sufficientdatawerenotobtainedon
whichtobasea similar

Sincetheulttite

conclusion.

IN’TROIXJCTION

aimoftind-tunnelinvestigationsistoald
thedesi~erinpredictingtheaerodynamic-characteristicsoffull–
scaleaircraftinfreeflight,itisessentialthattheinterference
effectsencounteredinwind-tunneltestingbe understoodandtaken
intoaccountinthepresentationanduseofpublisheddata.A
considerableamountofboththeoreticalandexpertientalworkhas
beenpublishedconcerningthisproblemforsubsonicspeeds,butas
yetverylittleisavailableforsupersonicspeeds.

Preliminarytestsconductedinpreparationfortheinvestigation
reportedinreference1 showedthattherelativesizeoftherear
supportsincommonusehada largeeffectonthemeasureddragof
bodiesofrevolution.Inaddition,theseinterferenceeffectswere
foundtodependontheafterbodyshapeofthemodelaswellas the
testReynoldsnumber.Therefore,sincetheinvestigationofreference
1 wasconcernedonlywiththeeffectofReynoldsnumberonthedrag
ofbodiesofrevolution,Itwasfirstnecessarytoevaluatetheinter-
ferenceeffectsoftherearsuyportsonthedragcharacteristicsof
themodelstobe usedinthatprogram.Theresultsofthatpreliminary
seriesoftestsarethebasisforthestatementsconcerningthesupport
interferencewhichappearinreference1.

Itwassubsequentlydecidedto cmducta morecomprehensivestudy
ofthesupport–interferenceproblemtocheckthesepreliminaryresults
andtoextendthescopeoftheinvestigation.ThepresentreportIs
basedon theresultsoftheselattertestscombinedwithsomeofthe
resultsofthepreliminarytests.
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AE?ARATOS@ TESTME!IHOLH

WindTunneland)3Aromentation

ThisinvestigationwasconductedintheAmes1–By 3–foot
supersonicwindtunnelNo.1,a variable=pressuretunnelequipped
duringthisinvestigationwitha fixednozzledesignedtoprovidea
test-sectionMachnumberof1.5. Thedragforceoneachmodelwas
determinedlymeansofan electricalstrain-gagebalancesystem.
Thepressureactingonthebaseofthemodelwasmeasuredbymanometers
whichwereconnectedtoa pressureorificeinthebaseofthemodel.
A schlierenapparatuswasusedto observetheflowfieldaboutthe
testmodels.A moredetaileddescriptionofthewindtunnel,the
balancesystem,andtheadditionalinstrumentationispresentedin
references1 and2.

ModelsandSupports

Photogra~hsofthemodelsusedinthisinvestigationareshown
infigure1,andallpertinentdimensionsaregiveninfigure2.
Sincethesemodelsarethesamemodelsthatwereusedintheinvesti–
gationreportedinreference1, thenumberingsystemusedthereinhas
beenretained.Models1 amd3 wereusedprimarilyforthedetermina–
tionof theeffectsofsupportinterferenceonthedragofbodies
withendwithoutboattailing.Theforebodiesofthesemodelswere.
formedof10-caliberogivesfollowed.by shortcylindricalsections.
Themodelsdifferedonlyintheboattailingoftheafterbody.In

d ad(lltionto thetwobasicmodels,a substituteogivehavingthesam
dimensionsas thenosesectionsofthesemotilswasusedtoevaluab
theincrementofdragdueto theadditionoftheroughnessthatwas
employedtoprcrooteloundary-layertransition.

Twodifferentsupportsystemswereusedseparatelyandincombim+
tion.Cutawaydrawingsandphotographsofa typicalmodelinstall.a–
tiononeachsupportareshowninfigures3,4,and5. Therear
supportconsistedofa stingofcircularcrosssectionthatattached
to thebalmcebesm. Aerodynamictareforceswereavoidedby enclos–
ingthestingina thinshroudwhichwasattachedto thebalancecap.
Twoseriesofshroudswereemployedsuchthatthepositionofthe
modelwithrespectto thebalancecap,andtheoutsidediameterof
theshroudrelativeto thedismeterofthemodel,weresystemat-
icallyvexied.Forcedata,base-pressuredata,andschlierenphoto-
graphswereobtainedwhenthemodelwassupportedfrcmtherear.



Thesidesupyortwhichconsistedofa symmetrical,6-percent-
thickairfoilwithstraightiidese~entsanda 7° semiwedgeangle
at theleadingandtrailingedges,supportedthemodelfromthe
lowerside. Themodelswereattachedtothesidesupportsothat
theleadingedgeofthesupportcoincidedwiththebeginningofthe
cylindricalsectionoftheafterbody,exceptfor.oneseriesoftests
(fig.22(c)) inwhichthemodelwasattachedtothesidesupportat
approximatelyonelodydiameteraheadofthebaseofthemodel.Base-
pressuredataandschlierenphotographswereobtainedwhentheside
supportwasused.

.

.

—

TestMethods

Thetestproceduresemployedinthisinvestigationwereessen-
tiallythesameas thosedescribedinreference1. In ordertoelimi-
natetheeffectoftheaxialpressuregradientinthetestsection
asa variable,themodelsoccupiedthesamestreetwisepostionwhen–
everpossible.

Models1 and3 weretestedthroughouttheavailableReynolds
numberrangewitha seriesofrearsupportsto determinetheeffect
onthemeasureddragof,first,v~ing thesupportlengthwitha
constantdiameter,ad second,varyingthesupportdiameterwhile
maintainingthelengthconstant.Eachofthesetestswerethen
repeatedwiththeadditionofroughnesstofixtransition.The
modelswerethentestedinthesmoothconditionwiththeside

. .—

supportaloneandfinallywiththesidesupportanda dummyrear
support. ‘b

Themethodusedtofixtransiticmwasto cementa l/8-inch–
widebandofparticlesoftablesaltaroundthebodyat the
beginningofthecylindricalsection.Thisisthesameartifice
usedinreference1 and,asbefore,wassuccessfulin causing
completetransitionoftheboundarylayerat allbutthevery
lowReynoldsnumbers.

To determinethemagnitudeoftheadditionalwavedragattribu%
a%leto thesaltband,thesubstituteogivewithno afterbodyattached
andfull-diametershroudingwastested,first,inthesmoothcondition,
andthenwithroughnessadded.Theresultsofthesetests,whichwere
repeatedseveraltimes,arepresentedinfigure6. It isevident
fromthisplotthat,eventhoughineachinstanceanattemptwasmade
toaddequalamountsofsalttotheogive,theadditionalwavedrag
whichcanbe attributedto’thesaltbandmayvaryconsiderably —
betweentwoapparentlyidenticaltests.Thisobservationisalso

.
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borneoutby considerationof themagnitude
scatterinthefore-dragdatainseveralof

of theexperimental
thefigures(8.8.,

figs.15and20)which~oludetestsofmodels1 &d 3 mde-w~th.
thesaltbandaddedtopromotetramsition.

An averagevalueofthewavedragdueto thesaltparticles,as
representedby theUfferencebetweenthecurveforthesmoothogive
andthedottedcurve,hasbeensubtractedfromallsubsequentdata
presented.It isgratifyingtonotethatthisaveragevalueofthe
wave&ragdifferaonlyslightlyfromthatpreviouslydeterminedin
reference1, eventhoughthoseresultswerebasedon onlyonetest
ofthemodelwithroughness.added.Thetiowledgegainedfromthese
presenttests,as topossiblevariationoftheincrementalwavedrag
dueto thesaltbandcausedby inadvertentdifferencesinthecharacter
ofthesaltbands,isequallyapplicableto theresultspresentedin
reference1 forthemodelstestedwithroughnessadded.IilCompe
ingthedatainthisreportwiththosepresentedh reference1 for
themodelstestedwithroughnessadded,thesepossiblevariations
shouldbe keptinmind.

ANALYEKISOFIxCA

ReductionoftheData

Theresultsoftheforcetestshavebeenreducedto theusual
coefficientform,andarereferredtofrontalareaofthebodyand
thefree+tream@nsmicpressureas determinedfromcmditionsjust
aheadofthenoseofthemodel.Thebase-dregcoefficientsare

4 calculatedfromtheequation

where

c~ base-dragcoefficient

P. free+tresznstaticpressure

Pb pressureactingonthebase

q~ free-9treamdynamicpressure

——
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Ah areaofthebase

A frontalareaofthemodel
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Theforedragisdefinedas thesumofallthedragforcesthatact
onthesurfaceaheadofthebaseandhenceisobtainedexperhnentally
as thedifferencebetweenthetotaldrag‘~d thebasedrag. The
Reynoldsnumberisbasedonbodylength.

Theprocedurefollowedh applyingcorrectionsto themeasured
coefficientstoaccountfortheeffectoftheaxialvariationoftest-
sectionstaticpressureisthessmeasre~ortedinAppendixA of
reference1. Forexample,thesecorrectionstothemeasuredcoefficients
ofmodel1 inmostinstanceswere+0.012infore-dragcoefficientand
-0.026Inbase-dragcoefficient;thecorrespndingpercentagesofthe
uncorrectedfore-dragandbase4ragcoefficientsareX2and15,respec-
tively.

TwoWmnsionlessprametersareusedto describethesupport
dimensions.Theseare 2/D and d/D, inwhich 2 isthe’’effective
length”ofthesupportwhichhasbeentakenas thedistancefromthe
baseofthemodeltothebeginningofthebalancecay,D isthe
diemeterofthecylindricalportionofthemodels,and d isthe
outsidediameteroftheshroudwhichenclosesthesting.

.
Precision

Somepossibleuncertaintiesexistineachoftheindividual
measmementswhichgo intothedeterminationofthedragcoefficients.
An esthateofthetotaluncertaintyofthedragcoefficientshasbeen
determinedin thisreport,as inreference3,by geometricsummation
oftheindividualuncertaintiesratherthanby thealgebraicsummation
thatwasemployedinreference1. ‘Ihedetailsoftheevaluationof
thesepossibleuncertatitiesintheindividualmeasurementsa%
consideredextensivelyinAppendixB ofreference1 and,therefore,
onlytheresultswhichareapplicabletothisinvestigationare
presentedhere. Thefollowingtable,whichappliesto thetestsof-
themodelsinthesmoothconditiononly,indicatestheestimated
uncertaintywhichmightappearineachofthedragcoefficientsat
twovaluesoftheReynoldsnumbers
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Base+rag
coefficient

Fore-drag
coefficient

Total-drag
coefficient

Forthemodelstestedwithroughnessadded,an additional
uncertaintyexistsdueto theindeterminatewavedragofthesalt
bandaspreviouslynoted.Thisuncertainty,whichappliestoboth
thefore-dragandthetotal-dragcoefficients,maybe asmuchas
*0.01. It isbelievedthateventhoughthisuncertaintydoes
existitdoesnotinvalidateanyofthequalitativeconclusions
whichhavebeendrawnfromthedata.

SchlierenPhotographs
d

Schlierenphotographsareusedto indicatetheeffectofthe
variationsinsupportconfigurationupontheflowcharac*ristics
aboutthemodels.A typicalschlierenpicture,inwhichsomeofthe
featuresofflowaredesignated,ispresentedinfigure7. Inaddl–
tion,a sohlierenpicturewiththewindoffis includedwhichshows
thestriaeintheglasswindowsthatformthetunnelsidewallsat
thetestsection.Thesestriaeappearinthebackgroundofallthe
schlierenphotographs.lhephotographsweretakenwiththeknife
edgevertical,thatis,perpendicularto thestreamdirection,
therebyaccentuatingdensitygradientsIna streetwisedirection.
Theorientationofthelmifeedgewithrespectto thestreamwas
suchthatincreasingpositivedensitygradientsinthedownstream
directionappearaswhiteereas(exceptinYig.7(a)inwhichthe
shockwavesappeu as darkareasdueta differentorien~tionofthe
knifeedge).



DISCUSSION

FlowCharacteristics

Beforepresentingthequantitativedataontheeffectsofthe
rearsupportonthemeasured-dragcharacteristicsof’thebodiesof
revolution,it isadvantageoustofirstindicatesaneofthequalita–
tiveeffectsontheflowcharacteristicssothatthereascmsfor
thesequantitativeeffectsmaybemoreapparent.

Itwasshowninreference1 thattheconditionoftheboundary
layer(lminarorturbulent),whichcouldbe easilydeterminedfrom
schlierenpicturesandforcetests,hada markedeffectontheflow
patterninthevicinityofthebaseofa bodyofrevolutionimmersed
ina supersonicstream.Thelocationanddegreeof separationofa
leminarboundarylayer,whichnormallyoccyrredonthelost-tailed
portionofthebody,variednoticeablywiththeReynoldsnumberof
flow. Ineachcase,as theReynoldsnumberwasincreased,the
degreeof.flowseparationdecreased,theconvergenceofthewake
increased,andthetrailingshockwavemovedforward.Changingthe
flowintheboundarylayerfromleminartofullydevelopedturbulent
flowgreatlyincreasedtheresistanceoftheboundarylayertoflow
separation.Changesinflowseparationwhichwerebroughtaboutby.
changesineitherReynoldsnumberortheconditionoftheboundarylayer
alteredtheeffectiveshapeofthebody,theshock+aveconfiguration
inthevicinityofthebase,andthemeasureddrag.

Thesechangecinconvergenceofthewake,shock-waveconfigura-
tion,andmeasureddrag,associatedinreference1 withchangesin
Reynoldsnumberortheconditionoftheboundarylayer,canalsobe
causedby changesintherea~upportconfiguration:

~onver~enceofthewake.-Inreference1 itwaspointedout
thattheconvergenceofthewakebehindthemodelstestedwitha
lamharboundarylayerincreasedwithIncreasingReynoldsnumber.
In thepresentseriesoftestsitwasfoundthat,formodel1,this
samephenomenon(changeincmrrergenceof thewake)accom~anied
changesineitherthelengthordiameteroftherearsuplorteven
thoughtheReynoldsnumberwasheldconstemt.k addition,itH
foundthatthesechangesinconvergenceofthewakeoccumedfor
themodeltestedwitheithera le.minarora turbulentboundary
layer.

.

.

.

Theschllerenyicturesoffigure8, whicharet~icalofthese
effects,showthatincreasesinlengthoftherearsulportfrom0.7
bodydiameterto 2.4bodydiametersareaccom~aniedbylargeincreases

@&_$$i*
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.
intheconvergenceofthewake. Furtherincreasesinsupportlength
donotappeartoaffectappreciablythewakeconvergence.Com.erlson

. ofthepictureswhichshowthiseffectforthemodeltestedwitha
laminarboundarylayer (fig.8(a)) withthoseforthemodeltested
witha turbulentboundarylayer (fig.8(b)) showsthatnotonlydoes
theconvergenceofthewakeincreasewithincreasesinlengthof the
supportinbothcases,butalsothattheremgeof supyortlengths
overwhichthiseffectisapparentisapproximatelythesame. “

Althou@it isnotimmediatelyapparentfromtheschlieren
picturesoffigure8,a carefulstudyof theoriginalnegativesof
thesepicturesshowsthatincreasingthediameteroftherearsupport
formodel1 witheither,alaminarora turbulentboundarylayer
resultsinincreasesintheconvergenceofthewake,eventhou@ ..
theRqDoldsnumlerisheldconstant.Thisisa somewhatsurprising
resultsinceitmightbe expectedthatincreasingthediemeterof
therearsupportwouldcausethewaketo convergelessrapidlyor,
infact,possiblyto diverge.

Sincemodels1 and3 differonlyintheirboattailing,It
mightbe e~ectedthatchangingthelengthor dismeteroftherear
supportwould<formodel3, causechangesintheconvergenceof the
wekesimilarto thoseobsenedformodel1. Yet,incontrastto
thoseresults,theschlierenpicturesoffigureg(a),whichareof
model3 witha lemi~ boundarykyer, showthattheconvergenceof
thewakeisnotaffectedlychangesInthelengthor diemeterof the
rearsupportuntilthesupportlengthisreducedto lessthan1.7
bodydiameters,orthesupportdiameterincreasedto greaterthen
0.40bodydiemetbr.Beyondthesevaluestheconvergenceof the
wakedecreases.Intermsofthediemeterofthebaseof themodel
ratherthemthediemeterofthecylindricalsection,theseratios
are2.9basediemetersand0.70basediameter,respectively.

Formodel3 witha turbulentboundarylayer,no conclusionsas
to theconvergenceof thewakecanbe drawnfromtheschlierenpictures
offigureg(b),sincethewekeisobscuredby theshockwavewhichis
attachedto thebaseofthemodel.

Shock-waveconfiguration.-.h reference1 itwasshownthat
changesinflowseparation,duetochangesintheconditionofthe
boundarylayerandintheReynoldsnumberof theflow,broughtabout
changesintheshock+raveconfigurationat thebaseofthebody. b
general,as longas theboundarylayerwaslaminar,theflowseparation
decreasedandthetrailingshockmovedforwardwithincreasesin
Reynoldsnumber,butno majorchangeintheshock+ve configuration
tookplace.IiIthepresentinvestigationitwasfoundthatchanges

*



10 NACARM NO. A8B05

in thepositionandcharacterofthetrailingshockwavecanbe
inducedby.changesintherear-suppm?tdimenshnsevenat a constant
Reynoldsnumber.

Sincethetrailingshockwaveoriginatesframthewakebehind
a model,itmightbe e~ectedthatanyinfluencethataltersthe
characteristicsofthewakewill,inaddition,havesomeeffect
onthetrailingshockwave.

Theschlierenpicturesoffigure8 showthat,as thelengthof
therearsupportisincreasedfran0.7bodydiameterto 1.7body
diametersformodel1 witheithera laminarora turbulentboundary
layer,theconvergence.ofthewakeincreasesbutthetrailingshock
wavemovesdownstream.Thisis opposedto theobservationmadein
reference1 withregardsto theeffectofchangesinReynoldsnumber
onthepositionofthetrailingshockwave. As showninreference1,
increasesintheReynoldsnumberfora modeltestedwitha leninar
boundarylayeralsoresultedin increasedconvergenceofthewake;
however,inthatinstemce,thetrailingshockmovedupstreamrather
thandownstream.Thereasonforthisapparentparadoxisthat,for
supportlengthslessthan1.7bodydiameters,theshockwavebehind
thebaseofthebodyisnot,trulya trailingshockwaveoriginating
fromthewakebutrathera combinationoftheshockwaveoriginating
fromthebeginningofthebalancecapandthetrailingshockwave.
Thus,as thesupportlengthisdecreased,thebalsmcecapismoved
closerto thebaseandtheshockwavefromthebeginningofthe
balancecappredominates.Therefore,theccnibinedshockwavesmove
closerto themodeleventhoughtheconvergenceofthewakedecreases.

As showninfigure8, increasesintiameteroftherearsupport
formodel1,witheithera laminarorturbulentboundarylayerand
at a constantReynoldsnumber,areaccompaniedby increasesin
convergenceofthewakeandthusan upstreamshiftofthetrailing
shockwave. h thelhnitingcase,wherethediameterofthesu~port
isequaltothediameterofthebaseofthemodel,thetnailingshock
waveattachesitselfto thebase.ofthemodel.T!hisshockwaveis
probablyduetothegapbetweenthebaseofthemodelandtheshroud.

Formodel3 ata constantReynoldsnumberandwitha laminar
boundarylayer,theschlierenpicturesoffigure9 showthatchanges
inlengthofthesupyortdonoteffecttheconvergenceofthewake
untilthelengthofthesupportislessthen1.7bodydiameters.
Consequently,thelocationofthetrailingshockwaveisnotaltered
untiltheconfigurationisanalagoustothatpreviouslynotedfor
model1 inwhichthesupportissoshortthattheshockwavefrcm
thebeginningofthebalencecapinterfereswtththetrailingshock
wave. c8RxEiia

—
*

--
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As thediameteroftheresrsupportis increasedformodel3,
witha leminarboundarylayerandat a constantReynoldsnumber
(fig.9),thetrailingshockwavemovesupstreameventhoughthere
isno appxrentchangeintheconvergenceofthewakeuntilthe
diameterofthesupportIsalmostequaltothediameterof thebase
ofthemodel.Thereasonforthisupstreemmovementofthetrail=
shockwave’intheabsenceof increasingconvergenceofthewakeiH
purelyoneofgecmetry.Theflowovertheafterbodyofthemodel
andthepointoflaminarseparationarenotinfluencedby thechan~s
intherearsupport;therefore,as thedismeterofthesupportis
increased,theangleof incidenceofthesepsratedboundarylayer
issuchthattheintersectionoftheconvergingboundarylayerand
thesupportoccursprogressivefurtherupstream.As pointedout
intheprevioussection,a changeintheconvergenceof thewakeIs
notedonlyIntheinstancewherethelargestdimetersupportwas
used.

The,onlyapparentchangeintheshock+aveconfigurationat
thebaseofmodel3 witha turbulentboundarylayer,thatoccurs
at constantReynoldsnumberwithchangesintherear-s-upport
dimensions,isa forwardmovementofthebaseshockwave. This
forwardmovementoccursonlywhenthemodelismountedon theminl–
mumlengthormaximumdiemeterrearsupport, Ihtheseinstances
theso+al.ledbaseshockwaveactuallyoccursupstresmofthebase
ofthemodel. ,

AnalysisoftheDragData
d

Thechangesinflowcharacteristicsinthevicinityofthe
baseofthemodelwhichaccompanychangesinthereaz%u~portgeom–
etry,forma basisforunderstandingtheeffectsofthere~ supports
onthemeasureddragofthemodels.As hasbeenpointedoutinthe
previoussecticm,changesinflowconfigurationssimilarto those
associatedwitheitherchangesintheReynoldsnumberoffloworthe
conditionoftheboundarylayercanbe attributedto chsmgesinthe
re~upport dhensions.As willbe pointedoutinthesubsequent
discussion,varyingthesupportdimensionsinsucha manneras to
causechangesintheflowpatternsimilartothosewhichaccompany
chan~sintheReynoldsnumberorconditionoftheboundarylayer
resultsinchangesinthemeasureddragcharacteristicswhichare .
comparable.

b thesubsequentdiscussionit isconvenientto considerthe
effectofchangesinrea~upportconfigurationonthemeasured
dragofeachmodeltested,first,witha laminarboundarylayer,

.
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andthenwitha turbulentboundarylayer.Foreachmodelwitha
laminarboundarylayer the effectsofchangesin lengthordiameter
ofthesu~portareconslderedseparately;whereasforeachmodel
testedwitha turbulentboundarylayertheseeffectsareconsidered
togethersincetheprlma~interestliesinwhetherornotthe
previouslyobservedinterferenceeffectsarealteredby thepresence
ofa turbulentboundsrylayeronthemodel.

Model1 withlsmharflow: effectofsupportlength.– The
measureddragcharacteristicsofmodel1 aseffectedby changesin
lengthofa constant-diameterrearsupport(d/D= 0.3)areshownin
figure10. Theparameterusedinthisplotistheratioofthe
effectivesupportlengthto themaximumdiameterofthemodel.
Fromtheseresultsitisevidentthattheforedragofthismodel
isnoteffectedby changesinsuyportlength;whereasthebasedrag
andthereforethetotaldragvarywiththeeffectivelengthofthe
support.Thisistobe expectedsince,as theschlierenpictures
indicate,changesintheflowpattenaboutthebodywhichaccompany
chan~sintheeffectivelengthofthesupportare confinedto those
changeswhich-occurintheconvergenceofthewakeandtheposition
ofthetrailingshockwave. Therefore,onlythoseforceswhich
dependontheflowaftofthebaseshouldbeaffected.

k reference1 itwasobservedthattheincreaseInconvergence
ofthewe+e,whichaccompaniedincreasesintheReynoldsnumberof
flow,resultedinlowerbasepressuresandthushigherbasedrags.
Similarly(asshownby fig.11,whichisa crossplotofthedata
offig.10),increasingtheeffectivesupportlengthup to2.4body
diameters,whichhasbeenshownto causeincreasedconvergenceofthe
wake,resultedinhigherbasedrags.At anyRe~oldsnumberthebase–
dragcoefficientismorethm doubledbyincreasingtheeffective
supportlengthfr= 0.7bodydiameterto 2.4bodydiameters.Althou@
itwastipossibleto discernfromtheschlierenylcturesanyfurther
changeinconvergenceofthewakeaccompanyingincreasesinthe
len@h ofthesupportfrom4.1to 5.2bodyClianeters,thebase+rag
coefficientdecreasedapproximately10percent.Furtherincreases
from5.2to7.2bodydiametershadno apparenteffectoneitherthe
convergenceofthewakeorthebasedrag.

Noattempthasbeenmadeto definethecurvesoffigureU in
theregionZ/D= 2.4to Z/D= 4.1,sinceno testswereconducted
inthisrangeandtheschlierenpicturesoffigure8(a)showthat
theshock-waveconfigurationchangesfromoneinwhichthetrailing
shockwaveand.theshockwavefrczuthebeginningofthebalancecap
coincideto oneinwhichthetwoshockwavesoccurseparately.Little

.

.
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ifanychamgeinthe
chan~ in shock-wave

cauvergenceofthewake
configuration.

13

accompaniesthis

Model1 withlaminarflow:effectof suuTIortdiameter..The
variationofthetotal+rag,fore+lrag,andbase+ragcoefficients
as a functionoftheReynoI&numberFormodel1,wi% a seriesof
rearsupportsofvariousdiameters,isshowninfi- 12. For
oonvenienceinthemodelsetup,thelengthsofthisseriesofsupports
wereallowedtovaryovera smallrangeforwhich 4.1~ I/D=5.4.
Althoughthisvariationofsupportlengthhassomeeffectonthe
quantitativedragvalues,itdoesnotalteranyofthegeneral.conclu–
sionsoftheinvesti~tion.Hereagainit isnotedthat,as inthe
caseofchangesinsupportlength,theforedragisnotaffectedby
changesinthesupportdiemeter.Thustheinterferenceeffectsof
therearsupportonthedragof thismodeltestedwitha hinar
boundarylayerarecdnfinedto theirInfluence on thepressure
actingoverthebase.

Thevariationofthebase+ragcoefficientwithchangesin the
supportdiameteris showninfigure13,whichisa crossplotofthe
datapresentedinfigure12,andthusincludestheeffectsofthe
smallchangesinsupportlengthaspreviouslynoted.Thisvariation
ofbase- coefficientiseasilyexplainedonthebasisofthe
observedchangesinconvergenceofthewake, Theschlierenpictures
showthat,as thediameterofthesupportis increased,theconve~
genceofthewakebehindthebodyinczwasesandthetrailingshock
wavemovesforward.As previouslyindicated,thesechsngesinflow
areacccmqmniedby a decreaseinbaseyressureanda consequent
increaseinbasedrag.As thedisneteroftherearsupPortis
increasedleyondthepointwherethebasedragisa maximum,the
schlierenpicturesshowthatthewakeno longerconvergessharply
butappearstoflowovertheshroudtithonlyslightconvergenceto
thepointwere thetrailingshockwaveoccurs.Thuswithincreas—
ingsupportdismeterthebase+ragcoefficientincreasestoa maxi-
mum,thema~itudeofwhichdependsontheReynoldsnumber.Further
increasesin supportdiameterresultina sharpdecreaseinthebase-
dragcoefficient.

Model1 withturbulentflow:effectofsupportlen@h and
diameter.-Theeffectofchangesinlengthofa constitiiameter
rearsupporton thedragcharacteristicsofmodel1 wiiihroughness
addedto causea turbulentboundaryQyer arepresentedinfigure14.
Theeffectsofchangingthediameterofthesupportareshownin
figure15. me Individuallengthsofthisseriesof supportswere
variedfrom4.0to 5.4bodydiameters.
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Formodel1, theeffectsontheflowpatternofchangingthe
lengthordiameteroftherearsupporthavebeenshowntobe thesame
foreithera laminarorturbulentboundarylayeronthebody. There-
fore,itmightbe e~ectedthattheexistenceofa turbulentrather
thana lamlnmboundarylayerwouldnotmateriallyalterthenature
of theinterferenceeffectsonthedragcharacteristicsof themodel.
Thevariationofthebase-dragcoefficientwiththesu~portlength
at variousReynoldsnumbersformodel1 witha turbulentboundary
layerisshowninfigure16. A comparisonofthisfigurewith
figure11,theequivalentcurveformodel1 witha laminarboundary
layer,showsthatthequalitativeeffectsoftherearsupportonthe
measure4&ragdoesnotdependontheconditionoftheboundarylayer.
Thisobservationisfurthersubstantiatedby comparisonoffigures17
and13whichareequivalentcurvesshowingtheeffectoftherear-
supportdiameteronthemeasureddragformodel1 witha turbulent
andl.aminarboundarylayer,respectively.

Asbefore,increasesinsupportlen@hareacoom~aniedby
increasesinbasedragto thesamelimitsof Z/D, beyondwhich
furtherincreasesinsupportlengthareineffective.Similarly,the
base-dragcoefficientfirstincreaseswithincreasingsupportdiameter
toa maximum,thevalueofwhichdependsonthetestReynoldsnumber,
thendecreasessharplywithfurtherincreasesinsupportdiameter.
Fora supportdiameterequalto thediameterofthemodelbasathe
compressionthroughtheshockwaveatthe_baseofthemodel(fig.8(b))_
issufficienttoraisethebasepressureabovefreestreamandthus-
producea thrustonthebaseofthemodel.Thisincreaseinbase
pressuretoa valueabovefreestreamprobablywouldnotoccurif
thegapbetweenthebaseof themodelandtheshroudwereeltminate&
since,aswaspreviouslypointedout,theoccurrenceoftheshock
waveisdependentm theexistenceofthisgap.

Model3 withlamlnarflow:effectofsupportlength.-The
I measured-dragcharacteristicsofmodel3 asaffectedby changesin

lengthofa constant+liameterrearsupport(d/D= 0.3)areshownin
figure18. Fromtheseresultsitisevidentthatthesupportlength
maybe reducedtoat least1.7bodyUameterswithouteffectingany
changeinthedragcharacteristics.Thiscriticalsupportlength
correspondsto thatpreviouslynotedwithregardsto changesinwake
convergenceattributableto changesinsu~portlength.

As contrastedto theresultsformodel1, theforedragaswell
as thebasedragofmodel3 isaffectedby thesupportinterference.
Theex@anationofthisbehaviorisf-d ina considerationofthe
flowovertheboat-tailedportionofthemodel.As presentedin
reference1 andshownintheschlierenpicturesoffigure9(a)Sthe_
boundarylayerseparatesfrmnth

-lO”ingOverthebOat’ail “-
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T!herefore,thepressureUsturbancesInthewakecausedby the
presenceoftherearsupportarepropagatedupstreemthroughthe
“dead+ter”regionaccompanyingtheseparatedflow. !Ihus,forthis
boat-tailedmodel,anyobjectinthewakeaffectsboththebase
pressureandthepressuresactingovertheboattailandhence
boththebasedragandforedrag.

As theReynoldsnumberofflowisincreased,thedecrementh
foredragdueto thepresenceoftherearsupportdecreases;whereaa
theinterferenceeffectsonthebasepressureimrease. Thiseffect
ontheforedragisreasonablesince,as theReynoldsnumberis
increased,thedegreeofI.emimxrseparationforthistypebody
decreases,aspreviouslyshowninreference1. Thereforethebcat-
tailarea,overwhichthepressureinthedead+aterregionacm
decreases-d consequentlytheinterferenceeffectsonthefore
dragareless. Theseresultsindioatethat,ifflowseparationdoes
notoccur,theforedragofa bodywillnotbe appreciablyaffected
by thepresenceoftherearsupport.Thisconditionisre~izedfor
model1,andformodel3 testedwitha turbulentboundarylayer,and
ineachcase,itwasfoundthattheforedragwasindependentof the
rea3+supportconfiguration.

Thereasonforthedecreaseinbase-dragcoefficientwithincreas-
ingReynoldsnmnberwiththesupportlengthequalto O.7bodydiameter
isevidentfrcmschlierenpictureswhichshowthatthetrailingshock
wavemovesuystreemandat a Reynoldsnumberofabout2.5millions
attachesitselfto thebaseofthemodel. me compressionthrough
thisshockwaveincreasesthe~ressureactingoverthebaseofthe
modelandthereforedecreases thebase+lragcoefficient.

yodel3 withlaminarflow: effectofSUDUOX’t diameter.– The
variationofthetotaldrag,foredrag,andbasedrag,as a function
ofReynoldsnmber formodel3 titha seriesofrearsupportsof
variousdiameters,isshowninfigure19. Thelengthsoftherear
supportswereheldoinstantat 4.1bodydiameters.Increasingthe
diemeteroftherearsupporthadno effectonthedragcheracte-
isticsuntiltheratioof supportUemetertobodydiameterexceeded
a criticalvalueofOJ+O. k termsoftheratioofsupportdiameter
tobasecthuneter,thiscriticalvalueisa~proximately0.7. The
schlierenpicturesoffigure9(a)indicatethatup to thiscritical
dismeterratiotheincreasein shrouddiameterisaccompaniedby a
forwardmovementofthetrailingshockwave,buttheconvergenceof
the-e remainsessentiallyUncwged. .

Theuseofa largesupportd/D= 0.55resultedina msrked
decreaseinboththebase-dragandthefore-dragcoefficients.As

*

,*

#
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before,thedecrementinforedragdueto thesupportinterference
decreasedwithincreasingReynoldsrnmiberdueto thesmallerregion
of separatedflow,butinthisinstancethedecrementinbase--g
coefficientremainedessentiallyconstantandno baseshockwavewas
apparent.

Model7 With In@ulentflow: effectofarmortlentihand
dlemeter.-Figures20and21 showtheeffects,ofthegeometryoftherear
sup~ortsonthemeasureddragcharacteristicsofmodel3 withrough-

—

nessaddedtocausea turbulentboundarylayer.~ese curvesare
dottedintheregionwheretheforcemeasurementsandtheschlleren
picturesindicatethatthedesiredtransitionwasnotachieved.
Exceptfor”thekoredrag,thepresenceoftheturbulentboundary
layerdoesnotmateriallyalterthenatur6”oftheeffectsofthe
rearsupportsonthemeasureddragcharacteristics.As previously
foundforthemodeltestedinthesmoothcondition,thelengthof -.

therearsupportmustbe reducedtolessthan1.7bodydiemetersor
thesupportdiameterincreasedto greaterthan0.40bodydiameter
%eforeanyeffectsof supportinterferenceareevident.Inthis
instance,as contrastedto theresultsobtainedforthemodeltested”
inthesmoothcondition,the,foredragisnotaffectedlychangesIn
thesupportconfiguration,sinceas shownintheschlierenpictures
offigure9(b)thead~tionofroughnesshascauseda tubulent
boundarylayerwhichdoesnotseparateinflowingovertheboattail.
ThereforethepressuredisturbancesInthewakecausedby thepresence
oftherearsupyorthaveno appreciableeffectonthepressuresact-
ingovertheboat–tailportionofthebody. Thedifferencesinthe

-.

fore-dragcurvesoffigures20end21are-attributedto thediffe~
erencesinthecharacterofthesaltbandsaspreviouslydiscussed. — —

&

It isinterestingtonotefromfigure9(b)thatthebaseshock “
waveoriginatesimmediatelyat thebaseofthemodelInallcases
exceptwherethemodelIsmountedontheminimumlengthorthe
maximumdiametersupports.Ineachoftheseinstancesthebase
shockwaveoriginatessomedistanceaheadofthebase. Thisforward

—

movementoftheshockwaveisprobablyca~–sedby theincreasedback -
pressureinthewskedueto thesizesndproximityoftherear
support,andisaccompaniedby an increaseinbasepressureand
consequentdecreaseinbase–dragcoefficientas evidentfromfigures20
and21.

DeterminationoftheInterference+?ree
Base-DragCharacteristics

Theexperimentaldeterminationof.theInterference-freebase-
&ragcharacteristicsforthemodelstestedinthesmoothcondition



l’iACARM NO. A8B05 17

isbasedupon the assumptionthatat anytestReynoldsnumterthe
effectoftherearsupportonthebasepressureIsequaltothe
ddfferenceinthebase~ressuremeasuredwiththemodelsupported
by thesidesupportalone,andthebasepressureforthemodel
supportedby thesidssupportandtherearsupportincombinatim.
Thismethodofevaluationassumesthatthemutualinterference
betweentheresrsupportandsidesupportisnegligiblysmdd..E
thiswerestrictlytrue,theeffectonthebasepressureofvu@ng
eitherthesupportdiameterorsupportlengthshouldbe inde~endent
ofthepresenoeorabsenoeofthesidesupport.

Nlj.- A cmparisonofthechangeinbasepressureresulting
froman increaseinrear-supportdiameteroffran0.30to0.60,with
andwithoutthesidesupportin@ace, indicatesthatforthismodel
theassumptionis goodaboveReynoldsnumbersof2 millions;whereas
at lowerReynoldsnumbersmutualinterference,whichmaybe as 3arge
as 10~ercentofthemeasureddata,isindfcated.Theresultswhich
fol.lowarebasedupontheassumptionofnegligiblemutualinterference,
andthusmaybe somewhatinerrorat thelowerReynoldsnmbers.

Theresultsoftheteststo determinetheinterference-freebase ,
dragcharacteristicsofmodel1 testedwitha smoothsurfaceare
presentedh figure22. Theinterfe~nce-freeresultsforeach
combinationof supportsarededucedby determining,at anyReynolds
number,thealgebraicUfferencebetweenthecurveforthemodel
mountedonthesidesupportplusthedummyrearsupportandthecurve
forthemodelmountedonthesidesupportalone.‘Ibisclifferenoe
thusrepresentstheeffeotof thedmmnyreersupportand,when
addedto thecurveforthemodelmountedontherearsupportalones
resultsin interference-freebase-dragdata.By repeatingthis
processofadditionandsubtractionfortheccmpleterangeof
Reynoldsnumbers,a curverepresentingthetiterference-freebase-
dragcharacteristicscanbe obtained.

Thecurvesinfigure22(d),eachdeducedfrmndifferentcombina-
tionsofsidesupportandrearsupport,arecomparedanda mean
curvedrawnwhichthusrepresentsthebestesthate oftheinterference-
freebase-dragcharacteristicsofmodel1 testedinthesmoothcondi-
tion.

A comparisonofthisinterference-freebase-dragdatawiththe
datapresentedinfigure13 ontheeffectofvaryingthedlsmeterof
therearsuyportindloatesthatat anyReynoldsnumberthebase-drag
coefficientsobtainedwiththesmallestdismetersupportusedwere
alwayslessthantheinterference-freevalues.Thisissurprising
sincethelinsarnatureofthesecurveswithdecreasingsupport

>-

.
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&kmeterleadsonetobelievethatextrapolationoftheourveato
zerosupportdiameterratiowouldprediottheinterferenoe<zwebase
dragvalues.Hophysloale@.anationforthisbehavtorisyet
apparent,althou@itispossiblethatthiseaseisanalogousto
thesubsonioresultsreportedbyZobelh referenoe4 whereina W*
imreaseinpressureovertherearportionofa modelwitha result-
ingdeoreaseindr~ wasoausedbythepresenceofanobjectinthe
wake.

Thedetezmdnatimofinterference-fmedragcharacteristicsin
thismannerrequirestwosuppofisystemswhiohcanbeusedindepende-
ntly orinmmbinatdon, andthreeseparatetestsofthemobl
ooveringthesameReynoldsnumberrange.Sinceitwouldbeadvanta-
#ms tobeabletoe~~+= the=ro__ ~~o~rist~os.
withonlyonetest,thededuoedIntezferenoe+?reeresultswere
ownp-d withthosepreviouslyobtainedwitha rearsupportalone.
Itwasfoundthatformodel1 thebase-dragdatawhichoompared
mostfavorablywasobtainedwiththere~upport oonfiguratim
(d/D= 0.35,2/D= 4.d Asa matteroffaot,thebasedragooeffi-
oientsagreeexaotlyata Reynoldsnuuiberof4 millionsenddiffer
by only2 peroentat,aReynoldsnumberof2 millions,thedlffezwnce
varyingalmostlinearlybetweentheselhits. Therefore,it ispossi-
bletoevaluatetheaero@uuuic,drag over theReynoldsnuniberrange
offrom2 to4 millionsandwithintheezperlmentalaoc~y ofthis
investigationformoikl1 witha re= supportofthedimnsions
indicated.Itshouldbenotedthattheerrorinourredinthebase-
&ragcoeffioientbytheuseofthisoptimumrearsupportIsonly
1-1/4percentofthetotaldragatthehigherReynoldsnumbers,
whiohiswellwithinthelimitsoftheexperimentalaoouraoyofthis
Investigation.

.

w

H reference5 itwasoonoludedthattheconditionsat thebase
ofa modelina supersonicwindtunnelareunaffectedbythepresenoe
ofthewindshieldaslongasa conver~ntwakeexists,andalsothat
thebasepressureobtainedwitha convergentwakeearmspondtothat
offreefli@3.

ThepresentInvestigation,however,hasshownthatata M&oh
numberof1.5thepresenoeofthewindshieldorbalancecapdoesaffeot
theconditicmsatthebaseofthemodeleventhou~thewakeiscmve~
@nt. Inaddition,itwasshownthatthebasepressuredependsonthe
lengthanddiameterofthereu &upporteventhou@thewakeconverges
behindthebodyforallthecombinationsofsupportdimensionsused.
Themodelusedinthetestsofreferenoe~ wasa oonicalmodelwith
a 10°semiverticalangleanda oyllndricalaf’terbody0.312inohin
dlametir.ThetestMachnumberwas3.2,theminimumlengthendthe

.-

.
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diemeterofthesupport- 1.62inchesand

19

0.125fnch,respectively.

Itisinterestingtonotethattheminimumsupportlengthof
5.2bodydiametersforconvergenceofthewakedeterminedinrefep
ence5 agreesexactlywiththeminimumlengthcorrespondingto zero
interferenceduetothebalancecapdeterminedinthepresentinvesti-
gateon. Thissuggeststhatformodelswitha flatbaseandzero
boattailingtheeffectofthelengbhof supportiszeroforsupport
lengthsgreater&an 5.2bodydkmetersandforMachnumbersgreater
than1.5.

!l%esupportdiemeterequaltoO.4bodydiameterusedinthetests
ofreference5 correspcds very closelyto thesupportdiemeterfor
zero interferenceeffects,asdetezzdnedinthepresentseriesof
testswhereintheoptinnlmdiemeterforinterference-freedatavaries
betweenO.3andO.4bodydiameterdependingonthetestReynolds
number.

Model%- An attemptwasmadetodetezminetheinterference-
freebase-dragcharacteristicsofmodel3 basedontheseineasswnp-
tionspreviouslyindicatedformodel1,butitwasfoundthat
considerablemutualinterferencewasencounteredovertheentire
Re~oldsnumberrangeofthetests.Thusitappeersthatatpresent
thebestestimateoftheinterference+reebase+ragcharacteristics
arethoseobtainedforthismodelsupportedfreontherearby a support
forwhich Z/D>1.7 and d/D<0.4.

It shouldbe pointedoutthatforthismodel~forwhichthe
basedragissucha small.partofthetotaldrag,relativelyMrge
errorsinthebasedragresultIn onlysmall.errorsinthetotal
drag. If,forfnetance,we assumethatthebase+lragcoefficient
maybe inerrorbyasmuch
theresulting
*5 percent.

errorinthe

Theconclusimswhich
andRe~oltinumbersbased

as 25percent,whichisveryunlikely,
total+agcoefficientwillbe only

followapplyfora Machnumberof1.5
onmodellengthfrmn1 milliontoapprox–

imatelyk.5millionsforbodiesofrevolutionsimilartotheones
tested.

1. Themagnitudeoftheeffectsofa rear
characteristicsofa bodyofrevolution
shape,thetypeofboudaz’y-layerflow,

depends
endthe

supportonthedrag
ontheafterbody
Reynoldsnumber.



20 ~oiiziiaz$ NACARM No.A8B05

.

2. Fora bodyQfrevolutionwithzeroboattailingwitheither
laminarorturbulentflowintheboundary”layer.“- ‘“”

. .
(a)The’rearsupyortaffects’”&e-wagofthebodythrough

itstiediateinfluenceonthebaseyressure.

*

(b)Theforebag isnotaffectedlythepresenceofa
rearsupport. ...... .,

3. Fora bodyofrevolutionwithappreciablelosttailingand
laminarflowinthebounda&ylayer,therearsupporteffectsthedrag “-
ofthemodelthroughitsimmediateeffectonthepressuresactingon
thebaseofthemodelandintheregionofseparatedflowOverthe
boat-tailedportionoftheafterbody.

4. Fora bodyofrevolutionwithappreciableboattailingand
turbulentflowintheboundarylayer,theforedragisnotsffected
by thepresenceofa rearsupport.

5. Fora bodyofrevoluti.ontithzeroboattailingandwith ‘
laminarflowintheboundarylayer,dragresultswhichareessentially
interferencefreecanbe obtainedinthehigherReynoldsnumberrange
by theuseofa suitablerearsupport,thedimensionsofwhichare
practicalforwind-tunneltesting.

6. Fora bodyofrevolutionwithappreciableboattailingand
withleminarflowintheboundarylayer,no conclusionsas to

.

interference-freebase+ragdatacanbe @awn fromtheavailable&ta,
sinceconsiderablemutualinterferencebetweensupportsystemswas -

—

encounteredintestingthisconfiguration.
s

AmesAeronauticalLaboratory,
NationalAdvisoryCcmmitteeforAeronautics,

MoffettField,Calif.
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Figure 3.– Cufuway drawing of mode/ f mounted on the rear support.
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Figure4.-
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Cutawaydrawingofmodel1 mountedon theslaeSuppor-c.
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(a)Resrsupport.
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(b)Sidssupport.
Figure5.-mica.lmodelinstallations.
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(a) Windon.

Fl&me~.-T@cal schlierenpialmrm.

(b)Windoff.
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z/r)= 0.7 d/D= 0.3

Z/D= 1.7 d/D= 0.3

Z/D= 2.4 d/D= 0.3

Z/D= 4.1 d/D= 0.3

Z/D= 5.2 d/D= 0.3 - Sidesu~port
-

(a)Laminarboundarylayer. A-12492

Figure 8.-Schlierenpioturesshowingthechangesinflowinthe
vicinityofthebase
supportdimensions.

d/D= o.go z/Ds 5.2

d/D= 0.70 Z/D= 4.8

d/D= 0.50 Z/D= 4.4

d/D= 0.30 Z/D= 4.1

ofmodel1 causedbyslteringtherear-
Reynoldsnumber= 3.8x IOSO
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Z/D= 0.7 d/D= 0.3

2/D= 1.7 d/D= 0.3
—.-==-.——

Z/D= 2.4 d/D= 0.3

l/D= 4.3 d/D= 0.3

d/D= 1.0 Z/D= 5.6

d/D= 0.7 Z/D= 5.0

d/D= 0.5 z/D=4.6

d/D= 0.25 Z/D=4.l

Z/D= 5.2 d/D=O.3
- ““s”’’O” ~

A-12493

(b)Turbulentboun~le.yer.
Figure8.-Concluded.
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Z/D= 0.7 d/1)= o.? d/D= 0.55 Z/D= 4.8

Z/D= 1.7 d/D= 0.3 d/D= 0.40 Z/D= 4.7

Z/D= 2.4 d/D= ().3 d/D= 0.35 Z/D= 4.0

Z/D= 4.1 d/D= 0.3 d/D= 0.25 Z/D=4.0

Z/D= 5.2 d/D= 0.3 Sidesupyort
~
A-12494

(a) Lsminar IIoundary layer.
Figure 9.-SchlierenpicturesshowingthechangesInflowinthevicinitj

ofthebaseofmodel3 causedbyalteringthere~upport dimensions.
Reynoldsnumber= 3.8x 106.
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Z/D= 0.7 &/D= 0.3

1/D= 1.7 d/D= 0.3

2/D= 2.4 d/D= 0.3

“~+az ~ >

l/D= 4.1 d/D–=0.3

Z/D= 5.2 d/D= 0.3

—

d/D= O.~ Z/D= 4.4

d/D= 0.40 Z/D= 4.2

d/D= 0.35 Z/D= 4.0

d/D= 0.25 Z/Ds 4.o

(II) Turbulentboundary.
Figure9.-C~cluded.
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Sidesupport
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A-12495
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FOR MODE I- 1.
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FIGURE 14.- VARIATION WITH REYNOLDS NUMBER OF THE DRAG CHARACTER -
15TIcS OF MODEL I WITH ROUGHNESS ADDED FOR SEVE~L REAR-
sUPPORT LENGTHS.

FIGURE [s.- VARIATION WITH REYNOLDS
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FIGURE 16.- VARIATION OF THE B-E DRAG COEFFICIENT
WITH SUPPORT LENGTH FOR MODEL I WITH
UOUGHNESS ADDED.
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FIGURE 18.- VARIATION WITH REYNOLDS NUM8ER OF THE DRAG CHARACTER-
ISTICS OF MODEL 3 WITH SEVERAL REAR-SUPPORT LENGTHS.
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FIGURE 19.- VARIATION WITH REYNoLDS NUMBER OF THE DRAG CHARACTER-
ISTICS OF MODEL 3 WITH SEVERAL REA%SUPPORT DiAMETERS.
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FIGURE 20. - VARIATION v.flTH REVNOLDS NUM6ER QF TE4EDRAG cHARACTER\sTICs
OF MOOEL 3 WITH ROUGH NESS ADDED FOR SEVERAL REAR+=. UPPORT
LENGTH S.
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FIGURE 21.- VARIATION WITH REYNOLDS NUMBER OF THE DRAG CHACTERISTICS
OF MoDEL 3 wlTH ROUGHNESS ADDED FOR SEVERAL REAR-SUPPORT
DIAMETERS.
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FIGURE 22.- DETERMINATION OF THE INTER-
FERENCE-FREE DRAG CHARACTER ISTICS
OF MODEL 1.
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FIGURE 22. - CONTINUED,
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FIGURE 2Z.- c ONTINLJED.
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(d) MEAN INTERFERENCE-FREE CURVE.

FIGURE 22 .- CONCLUDED.
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